Background: Perianal fistula (PAF) is an abnormal tract communicating an external cutaneous opening in the perianal region to the anal canal. PAF is one of the common anorectal disorders in surgical practice with high prevalence. The current study aimed to determine the ability of preoperative MRI for preoperative evaluation of perianal fistula.
Background
Perianal fistula (PAF) is an abnormal tract communicating an external cutaneous opening in the perianal region to an internal opening, most often in the anal canal [1] . PAF is one of the common anorectal disorders in surgical practice [2] with high prevalence, which predominantly affects young adult males [3] .
Anal glands are situated in the intramuscular plane at the level of the dentate line in the anal canal [4] . The burden of anorectal sepsis is high [5] , and persistent infection may spread in circumferential or in axial direction, resulting in different types of fistulas [4] within the first year of presentation with an abscess [5] . Clinically, the Parks Classification and Perianal Disease Activity Index (PDAI) can be considered as the milestone for classifying patients with PAF and as the gold standard for evaluating its complexity and severity [6] .
Effective surgical treatment of PAF is mandatory to prevent its recurrence [7] . However, the difficulty in recognizing the internal opening and the course of the fistula tract can make successful surgery sometimes challenging [8] .
Various radiological modalities were applied for evaluation of fistula patients; conventional fistulography was used [9] but its diagnostic yield is limited secondary to its difficulty to recognize the internal opening especially if blocked by debris [10] . Endosonography with color Doppler has greater diagnostic value than conventional grayscale endosonography for PAF evaluation [11] .
Three-dimensional ultrasonography (3D US) improves PAF detection and characterization, so it plays a crucial role in optimal treatment planning, but proficiency is one of its limitations [12] . Transperineal US is a very accurate diagnostic method, and for its simplicity and low cost, it is recommended to be the first diagnostic modality for anal fistula [13] .
MRI is the reference standard for assessment of perianal fistula, defining anatomy and guiding surgery [14] .
However, MRI technique is critical especially the selection of sequences for diagnosis and characterization of abnormalities with the main choices being between standard anatomical sequences (T1 or T2), assessing for edema (T2/fat-saturated MRI image (T2/FS) or short tau inversion recovery (STIR)), assessing abnormal contrast enhancement (T1/fat-saturated MRI image (T1/FS) post-contrast), and assessing for abnormal diffusion or a combination of these [15] . Moreover, for complex perianal fistula, 3D reconstruction is required to improve surgical planning. Furthermore, an animation of MRI fistulography needs to be created for trans-sphincteric fistula tract with a cephalad extension in the intersphincteric space [14] .
The activity of PAF before primary surgical interference may hamper successful surgical outcome, and so could be considered as an additional independent risk factor for surgical failure. The present study tried to determine the ability of preoperative MRI for preoperative evaluation of anal fistula regarding activity, tract identification, and the impact on surgical outcome.
Methods
This is retrospective study for patients who underwent preoperative MRI and surgical interference from April 2015 to Jan 2018. The study protocol was approved by the Local Ethical Committee. All patients who presented with clinically suspected PAF and signed fully informed written consent to undergo the appropriate surgical procedure for fistula management were included in the preliminary data evaluation. Exclusion criteria include patients omitted from MR imaging for any cause, who refused surgical interference, who received antibiotic therapy during the week before enrollment, maintained on anti-inflammatory drugs for any indication, and who did not undergo diffusion-weighted magnetic resonance imaging (DW-MRI), and patients who had surgical interference after more than 1 week of MR imaging were not enrolled in the study. Extracted data included patient's demographic data including age, gender, weight, height, calculated body mass index, and disease-related data. Clinical data include presence of severe pain, restriction of daily and/or sexual activity, presence of inflamed skin, and discharge of pus. Fistula was clinically classified according to its relation to anal sphincters as inter-sphincteric, trans-sphincteric, supra-sphincteric, and extra-sphincteric fistula which correspond to Parks types 1-4, respectively [16] (Fig. 1) .
MRI fistula imaging-related data were revised, and fistula severity was scored using criteria of both local extension of fistulas and active inflammation for a total maximum score of 22, according to the Van Assche scoring system (Table 1 ) which was primarily used in PAF with Crohn's disease [17] .
MRI protocol
The applied MRI protocol was revised to assure of its competence with the study requirements. All patients received no bowel preparation, anal canal, or fistula catheterization. MRI was performed using a 1.5 T body MRI system (Magnetom Essenza, Siemens, Erlangen, Germany) and a pelvic phased-array coil. . Circular region of interest (ROI) area was placed on the largest suspected area, and the mean ADC value and its standard deviation (SD) were measured.
Study outcome
-Primary outcome included intraoperative fistula activity determined after anesthesia on surgical exploration prior to any manipulations. Intraoperative (IO) detection of pus was considered as an indication for active fistulas, while absence of pus indicated inactive fistulas. The frequency of MRI detection of fistula activity was compared versus IO findings. -Secondary outcome included the diagnostic validity characters of preoperative MRI for defining fistula activity.
Statistical analysis
Obtained data were presented as mean ± SD, ranges, numbers, and ratios. Numbers and ratios were analyzed using chi-square test (Χ 2 test). Diagnostic validity characters included sensitivity and specificity rates and positive and negative predictive values (PPV and NPV). Sensitivity and PPV (= 1 − specificity) of preoperative MRI as an indicator for fistula activity were analyzed using receiver operating characteristic curve (ROC) as judged by area under curve (AUC). The diagnostic significance of the determined AUC was compared to the null hypothesis that AUC = 0.500 which is the area under the diagonal reference line. Statistical analysis was conducted using the IBM SPSS Statistics, Version 23, 
Results
Seventy-six patients were eligible for evaluation, 11 were excluded and 65 patients were included in the study (Fig. 2) , and extracted data are shown in Table 2 . Considering identification of internal fistula opening is mandatory to define fistula tract; otherwise, it is considered as pouch, and MRI defined 9 patients having pouches without definite internal opening, while the remaining 56 patients had definite internal opening; 10 patients had branched and 46 patients had unbranched fistula. During surgical exploration, the presence of internal opening was confirmed in 59 patients; 56 previously defined by MRI giving a true positive rate (TPR) of 100%, 3 of those pouches defined by MRI were having internal openings, the true negative rate of (66.7%), and total internal fistula definition rate of 95.4% (Table 3) .
Median value of scoring of MRI findings was 8 (95% CI 7-11), and 36 studies were scored ≤ 8, while 29 studies were scored > 8. Median value of scoring of MRI findings concerning local extension was 3 (95% CI 3-4), and concerning presence of active inflammation was 4 (95% CI 4-8). Parks clinical grading showed positive significant correlation (r = 0.271, p = 0.029) with MRI findings concerning local extension.
MRI finding concerning active inflammation showed presence of collections with cavities > 3 mm in diameter in 24 patients (36.9%) and no collection in 41 patients (63.1%) ( Table 3) . Surgical exploration documented the presence of collections and assured MRI findings in 21 patients (true positive cases) and absence of collections in 34 patients (true negative cases), while detected collections in 7 patients diagnosed on MRI as free of collection (false negative cases). Moreover, surgical exploration denied the presence of collection in three patients previously defined by MRI as having perianal collection (false positive cases) (Fig. 2) . Thus, preoperative MRI could predict the severity of perianal disease on surgical exploration with sensitivity, specificity, and accuracy rates of 75%, 92%, and 84.6%, respectively, and positive and negative likelihood ratios of 9.25 (95% CI 3.06-27.95) and 0.27 (95% CI 0.14-0.52), respectively. Moreover, surgical findings concerning disease severity showed positive significant correlation (r = 0.369, p = 0.002) with MRI findings.
Comparison of MRI pulse sequences as regards the ability of each sequence for fistula visualization showed that DW-MRI provided the highest sensitivity and accuracy for fistula visualization with 100% specificity rate and significant difference versus T1 post-contrast sequence. Moreover, addition of DW-MRI to each of T1 post-contrast and STIR sequences improved sensitivity and accuracy of fistula visualization without affecting its specificity (Table 4) .
Differentially, all MRI pulse sequences showed high specificity and accuracy for detection of collections defined as cavities of > 3 mm in diameter, but their sensitivity was variable as being lowest with T1 post-contrast and highest with DW-MRI. Combined imaging using DW-MRI sequence with either T1 post-contrast or STIR sequences improved the sensitivity and accuracy rate of both for diagnosis of acute inflammation, but the effect was more pronounced with STIR sequence. Interestingly, using the three sequences allowed sensitivity to approach 100% with higher specificity and accuracy than any single sequence or combination of sequences ( Table 5) .
The ROC curve analysis for differentiation between the three MRI pulse sequences as regards the ability of each sequence for fistula visualization showed that DW-MRI provided the highest specificity rate (AUC = 0.848, p = 0.0006), followed by STIR (AUC = 0.741, p = 0.002), and lastly T1 post-contrast (AUC = 0.694, p = 0.012) sequences (Fig. 3) . Concerning the combinations, ROC curve analysis found addition of DW-MRI to either of STIR (AUC = 0.931, p = 0.0004) and T1 post-contrast (AUC = 0.872, p = 0.0007) sequences improved specificity (Fig. 4) . Regression analysis defined DW-MRI as the single significant sequence (β = 0.688, p = 0.0009) and the combination of STIR and DW-MRI (β = 0.835, p = 0.0003) as the significant combined sequences for detection of acute inflammation (Table 5 ).
Discussion
Through the duration of the study, MRI could detect the fistula internal opening by a rate of 95.4% in comparison to surgical findings with 100% true positive detection rate. Moreover, preoperative MRI changed surgical decision by a rate of 16.9%. Median score of MRI findings was 8, for local extension was 3, and 4 for presence of active inflammation with a positive significant correlation with Parks clinical grading.
In line with these findings, Singh et al. [18] reported high sensitivity of MRI in identification of secondary tract, correct localization of internal opening, and correct detection of horse-shoeing with rates of 93.75%, 95.83%, and 87.5%, respectively. Also, Chauhan et al. [19] reported that MRI showed a high sensitivity rate of 93.7% and positive predictive value (PPV) of 96.7% when correlated with surgical findings. Recently, Karanikas et al. [20] reported a success rate of 77.4% to demonstrate the presence of a fistula in their series DW-MRI, in comparison to the other pulse sequences, provided high sensitivity and accuracy with 100% specificity for fistula visualization and highest sensitivity, specificity, and accuracy for detection of cavities > 3 mm in diameter. Similarly, Singh et al. [18] found the sensitivity and specificity of MRI in correctly detecting and grading the primary tract at 95.56% and 80%, respectively; for abscess, it was 87.50% and 95.24%, respectively. Yoshizako et al. [21] reported sensitivity of 95.7% and negative predictive value (NPV) of 90% for DW-MRI at optimal cutoff apparent diffusion coefficient (ADC) of 1.109 for diagnosing fistula activity. Also, Dohan et al. [22] reported a sensitivity rate of 100% for DW-MRI and 91.2 % for T2-weighted MRI for fistula detection.
The addition of DW-MRI to either T1 post-contrast or STIR sequence improved sensitivity and accuracy of fistula visualization without affecting specificity of DW-MRI, while for detection of cavities of > 3 mm in diameter using the three sequences allowed sensitivity to 
approach 100% with higher specificity and accuracy than any single sequence. These findings go in hand with Dohan et al. [22] who reported an area under the ROC curve of 0.971 with a sensitivity of 100%, a specificity of 90 %, PPV of 93%, and NPV of 90% for an abscess diagnosis. Also, Cavusoglu et al. [23] found the confidence scores for perianal fistula diagnosis using combination of gadolinium chelate-enhanced T1 and T2-WI were greater than T2-WI alone and confidence scores using the combination of DW-MRI and T2-WI were greater than T2-WI alone with greater sensitivity and specificity.
ROC curve analysis showed that DW-MRI provided the highest specificity rate among the three MRI pulse sequences for fistula visualization, and its addition to any of other sequences improved specificity. Also, regression analysis defined DW-MRI as the single significant sequence and the combination of DW-MRI and STIR images as the significant combined sequences for detection of acute inflammation.
These findings coincide with Singh et al. [18] who documented that MRI was highly accurate in assessment of surgically important parameters of perianal fistulae and imaging findings on T2-WI and post-contrast T1- weighted fat-saturated sequences were statistically similar, so recommended to omit contrast study. Then, Yoshizako et al. [21] who assessed the feasibility of using DW-MRI for evaluating perianal fistula activity documented that DW-MRI is a feasible method for evaluating perianal fistula activity with area under the ROC curve of 0.749. Thereafter, Cavusoglu et al. [23] documented that DW-MRI has a significant added value compared to T2-WI alone in the diagnosis of perianal fistula and Baik et al. [24] found combined DW-MRI and CE-T1WI might improve fistula conspicuity with comparable diagnostic performance to T2WI. Recently, Wang et al. [25] reported that fractional anisotropy (FA) and ADC values for positive inflammation activity were significantly lower than those for negative inflammatory activity and concluded that FA and ADC values were instrumental in evaluating the activity of perianal fistulas.
In support of the efficacy of MRI for perianal fistula evaluation, Lee et al. [26] internal opening identification, and evaluation of its relation to sphincters, so it can help surgical procedure planning. DW-MRI is a valuable sequence with highest diagnostic yield, and its addition to STIR and T1 postcontrast images improves sensitivity and specificity for determination of fistula activity and extension (Figs. 5, 6 , 7, and 8). 
